Introduction
Odemira is a small village located in the region of Alentejo in the Southern part of Portugal. The Misericordia Church of Odemira was built in the second half of the 16 th century and presents uncommon features that make it unique among the religious architectural heritage in this Portuguese region. The church is a building with only one volume and a mannerist portal which includes a sculpture representing the Blessed Virgin Mary. Particularly important was the recent confirmation, by the Portuguese Institute of Architectural Heritage (IPPAR), of the existence of mural paintings below the white lime washing paint layers of the inner walls. In 2001, a study and diagnosis intervention led by IPPAR concluded that the mural paintings cover completely the inner walls of the church integrating the original different elements of the church including the altars and enabled the evaluation of their artistic and historical value as well as the preliminary screening of their state of conservation.
The study of this extraordinary set of mural paintings will enable not only the development of adequate conservation/restoration methodologies but may shed some light on the historical and artistic questions that this monument arises.
In this work we present the results of the microstructural and chemical characterization of the mortars as well as the results of the preliminary characterisation of the paint layers by microchemical analysis and colorimetry.
Sampling methodology
Five mortar samples of the painted walls inside the church were collected from different sites that had no paint layer left, according to IPPAR recommendations (see figure 1) . The size of each sample was the minimum that could guarantee the success of the analysis and the confirmation for future studies. Ten micro-fragments of paint layers corresponding to different colours from one of the paintings were sampled by a conservator with the help of a small chisel (see table 1 ). Colorimetric measurements were performed at the same locations with a portable Datacolor Mercury 2000 colorimeter. 
Characterisation methodology
The mortars that support the paint layers were characterized using the analytical methodology developed by the authors [1, 2] that enables the evaluation of their mineralogical and chemical properties. This methodology integrates the use of different techniques namely, X-ray diffraction, thermogravimetric analysis with differential thermal analysis, SEM-EDX, optical microscopy (on polished surfaces, thin sections and insoluble residue after hydrochloric acid attack), CHNS elemental analysis and chemical analysis.
Cross-sections of the microfragments of paint layers were prepared and analyzed using optical microscopy and preliminary identification of the pigments was preformed by microchemical analysis using the Plesters [3] and Gettens [4] 
Results and discussion

Mortars characterization
Optical microscopy observations showed that the aggregates are composed mainly by quartz sand with rolled morphology. Lime nodules were observed on all samples both by naked eye and polished surfaces, which indicate that lime was dry slacked. In all samples it was possible to observe small amounts of wooden fibres, rutile minerals, ferruginous sandstone, lime nodules and chert and occasionally pyroxenes and amphiboles (see fig. 2 ). The grain size distribution of the sand present in the mortars was determined by sieving the residue obtained from hydrochloric acid attack. It was shown that for all samples the aggregates used have average dimensions comprised between 0.180 mm and 0.355 mm. The rolled morphology of the aggregates and the presence of rutile whose provenance is the nearby Monchique igneous complex indicate that sand from the Mira river was used in the mortars production. Further insight on the mineralogical composition of the mortars was obtained by XRD on two fractions, global fraction obtained by grinding the whole mortar so as to pass a 106 µm sieve and fine fraction obtained by disaggregating the mortar and sieving it without grinding. The later is more concentrated on the binder. The XRD results show that the mortars are composed mainly of calcite and quartz. Aragonite was also found in small amounts which is probably related to the presence of mollusc shells and a carbonate dissolution-recrystallization process of the binder. Traces of rutile, hematite and lime were also found. These results are characteristic of aerial lime mortars prepared with calcitic lime and siliceous sand.
The determination of the simplified composition of the three mortars (table 2) calculated on the basis of the method designated as "Jedrzejewska" [5] referring to old lime mortars was made possible by combining the carbon content obtained by elemental analysis with the insoluble residue analysis. This method considers three types of components: "carbonates", acid "soluble fraction" (compounds soluble in acid without formation of carbon dioxide) and "sand" (corresponding to the insoluble residue of the acid attack).
Scanning electron micrographs are shown in Fig 3. All samples exhibit a paste microstructure typical of lime mortars with small calcium carbonate crystals partially jellified [1, 2] . The quartz particles have a rolled morphology and are well embedded in the binder. Biological contaminations were observed in small amounts in all samples. Aragonite crystals were found in some cracks which are probably the result of dissolution and recrystallization of carbonates in the mortar. Chloride ion contents obtained in the mortars were between 10-4 ppm which are indicative of a low salinity environment. 
Paint layers
Analysis by optical microscopy of the paint cross-sections allowed the quantification of the paint layers as well as the identification of the pigments, as shown in table 3. The results showed that the pigments used were popular pigments probably from local sources, mainly red, brown and yellow ochres. The use of malachite green was expected due to the location of Odemira close to the Iberian Pyritic Belt and hence the presence of this mineral in weathering caps of several nearby sulphide mines. However the abnormal light green coolour of the green upper layer might indicate that alteration products may have formed particularly, chloride copper compounds like paratacamite.
Microchemical analysis proved that the blue pigment was not azurite as one would expect, considering the use of malachite, the other copper carbonate pigment. In fact, microchemical analysis and preliminary results by in-situ X-ray fluorescence spectrometry showed that the blue pigment used was smalt blue. This is corroborated by the irregular morphology and optical properties of the pigments particles which are characteristic of this pigment. The use of smalt blue is consistent with previous results obtained by the authors on a fresco from the same period but located 150km NorthEast from Odemira, and may indicate a more generalized use of this pigment.
Final considerations
The present work showed that the mortars from the painted walls of the Misericordia church of Odemira are calcitic aerial lime mortars with siliceous river sand. The mortars present a good state of conservation and low biological contaminations and soluble salts.
The microanalysis of the mural paint layers showed that red, brown and yellow pigments are ochre's and green pigments correspond to copper pigments, possibly malachite. These results point out that the pigments used were probably from local sources. The morphology of the blue pigments and the identification of cobalt indicate that these pigments are smalt blue. Further investigations about these frescoes is being carried out, particularly the pigments characterization by in-situ X-ray fluorescence spectrometry and scanning electron microscopy.
